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INTRODUCTION
Recent trends in the manufacture of car bodies are aimed at using advanced high strength and ultrahigh strength steels. These steels reach to high level of mechanical properties. Elimination of steel body weight using advanced materials is one of the major trends in the design of cars. In the manufacture of cars are used coated body sheets which are subjected to acid rain, temperature differences, sunlight, oxygen, road salt etc. throughout their lifetime. Therefore, corrosion protection is a very important part of the car production process. Body sheet metal used for making car body are normally zinc galvanized or modifi ed in other ways (e.g. by cataphoresis). The zinc is non-noble metal with tendency to passivation. When it is contacted with the steel, it behaves as anode and suppresses activity of the steel, which is base for the corrosion protection of metallic materials [1] [2] [3] [4] . Protective zinc coating has to provide higher resistance of the whole protective system against perforation corrosion of body sheets. Another function of Zn coating is the longest corrosion protection in cavities and crevices where the coating system is poor or incomplete. Automobile steel sheets are hot dip galvanized or electrogalvanized. Zn coating may be single or double sided. Zinc-coated car body sheets show high corrosion resistance. During deformation seizing of zinc coating, failure of cohesion between Zn coatings and the substrate or exposures of the base material surface often occur. In car body sheets it is necessary to monitor the deformation process itself and the effect of deformation on the zinc coat [5, 6] . The important thing is to fi nd out how the degree of deformation affects the corrosion characteristics of Zn coating (the current density, corrosion potential, corrosion rate and polarization resistance). The presented contribution aims at determination the effect of car body steel sheet deformation on change the corrosive properties of the applied coating using an Electrochemical Impedance Spectroscopy [7, 8] .
EXPERIMENTAL PROCEDURE
Test samples for experimental research have been supplied in a state after deformation of the cold rolled steel sheet DC 06 (EN 10130). Chemical composition of the base material is shown in Table 1 and mechanical properties are in Thinning of the steel sheet was measured by 3D optical photogrammetric system ARGUS. Corrosion resistance of samples was determined by Electrochemical Impedance Spectroscopy using measurement device SP 150 Bio-Logic and software EC-Lab V10. The device can measure electrochemical parameters in different extent. Tafel analysis allows to determine corrosion current i corr (and also corrosion current density I corr ) and corrosion potential E corr . The polarization resistance R p was determined by EIS as well. Measurement of electrochemical parameters was performed in 0.1 M solution of NaCl. Reference electrode was saturated calomel electrode, working electrode was test sample and auxiliary electrode was platinum electrode. Parameters used for the potentiodynamic tests were as follows: stabilization time was 600 s; the polarization of the sample was performed in the range from -150 mV from the free corrosion potential to +1000 mV against the reference electrode; the rate of corrosion potential was 1 mV/s; the surface area was 0,636 cm 2 . The frequency change for the EIS varied from 100 kHz to 1mHz with 10 points per decade, and the width of the sinusoidal voltage signal applied to the system was 5 mV.
For test samples No. 1, 3 and 4 an equivalent measuring circuit for the intact coating surface with a constant phase shift has been used as it is shown in Fig. 1 , where R1 is the resistance of the electrolyte, R2 = Rp is the polarization resistance and Q2 is a constant phase element. For the sample No. 2 from the material with localised deformation an equivalent measuring circuit for the damaged coating surface with a constant phase shift has been used. The measuring circuit has been extended by R3 parameter representing the polarization resistance (R3 = Rp) near the failure, constant phase elements Q1representing the capacity of corrosion products, double layer Q3 and the resistance of electrolyte in the pores R2, Fig. 2 .
RESULTS
Thickness of the steel sheet after deformation by biaxial stretching has been measured by photogrammetric system ARGUS. From the major strain (Fig. 3 ) and minor strain (Fig. 4) were calculated changes of thickness on the bulged sample. The thinning of steel sheet is shown in Fig. 5 in color scale. The thickness change distribution on bulged hemisphere depending on the developed length of the drawn part is shown in Fig. 6 .
Thinning of the steel sheet after biaxial stretching shown in The lowest polarization resistance of 1.25 kΩ as well as the highest current density i corr of 16 μA were found for sample No. 2 in the area of maximum deformation of the material. Thus, the higher probability of corrosion processes initiation is supposed. Experimentally measured results showed that the deformation of the material has a signifi cant infl uence on the corrosion resistance of coatings applied.
The results of electrochemical impedance spectroscopy (Nyquist plots) are in Fig. 9 . Figure 10 shows the potentiodynamic curves of the four exposed samples. The measurement locations (sample 1-4) are identical to those of Fig. 5 . The fastest dissolution of the coating took place on the undamaged sample (sample 1) up to potential -0.9 V. After this value a very compact zinc oxide layer was created on the surface and the corrosion current growth was slowed down. Despite rapid corrosion the current of sample 1 was the lowest. Anodic part of the potentiodynamic curve (sample 4) can be divided into three areas. The fi rst between E corr and potential -0.93 with slow increase of i corr due to formation a thin fi lm of corrosion products. The second area between -0.93 V and -0.89 V with a sharp increase of i corr due to localized corrosion (damaged layer of corrosion products). Anodic part of the curve is very similar to the curve of the sample 3.
CONCLUSIONS
Based on Tafel analysis of samples with different deformation degree, specifi ed by the thinning of steel sheet, the corrosion potential value E corr and the corrosion current density value I corr have been determined. The results have pointed out the corrosion rate is affected mainly by the degree of deformation. Increasing the deformation degree has led to increasing the corrosion rate of zinc coating as well. Electrochemical impedance spectroscopy allowed fi nding out polarization resistance R p . The highest polarization resistance was found in undeformed material, the lowest in the region of material fracture. The knowledge is consistent with the measured values of the corrosion current density. Experimental results point to the fact that the corrosion resistance of zinc coating is signifi cantly affected by the degree of deformation. 
